OFFICE  OF  NAVAL  RESEARCH 


FINArL  REPORT 

PUBLICATIONS/PATENTS/PRESENTATIONS/HONORS/STUDENTS  REPORT 

for 

GRANT  or  CONTRACT:  N00014-91-J-1630 
PR  Number  96PR00670 

Creation  and  Measurement  of  Components  for  Nanometer-Scale  and  Hybrid-Function  Devices 

Paul  S.  Weiss 


Department  of  Chemistry 
The  Pennsylvania  State  University 


152  Davey  Laboratory 
University  Park,  PA  16802-6300 

Date  Submitted 
27  February  1999 

Reproduction  in  whole,  or  in  part,  is  permitted  for  any  purpose  of  the  United  States  Government. 
This  document  has  been  approved  for  public  release  and  sale,  its  distribution  is  unlimited. 


Office  of  Naval  Research  Final  Report 


Reporting  period: 

1  January  1997  to  31  December  1999 
PR  Number:  96PR00670 


Final  Report  -  PART  I 


20001208  030 


a.  Papers  submitted  to  refereed  journals,  but  not  yet  published: 

TR  29.  Enhancing  Catalytic  Reactions  by  Aligning  Reactive  Intermediates:  Phenyl  on  Cuflll},  M.  NT 


BxIG  Q' 


a 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  Information  Is  estimated  to  average  1  hour  per  response,  Including  the  time  for  reviewing  Instructions,  searching  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  colection  of  Information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection 
of  Information,  Including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Service,  Directorate  for  Information  Operations  and  Reports, 

1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget, 

Paperwork  Reduction  Project  (0704-0168)  Washington,  DC  20503. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORTED# 

2/27/00  Final 


4.  TITLE  AND  SUBTITLE 

Creation  and  Measurement  of  Components  for 
Nanometer-Scale  and  Hybrid-Function  Devices 


3.  DATES  COVERED  (From  -  To) 

1/1/97-12/31/99 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

N000 1 4-9 1-J- 1630 

5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Paul  S.  Weiss 


|5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Pennsylvania  State  University 
University  Park,  PA  16802 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Dr,  John  Pazik 
Chemistry  Division 
Office  of  Naval  Research 
800  N.  Quincy  St.,  Code  1113 
Arlington,  VA  22217 


12.  DISTRIBUTION  AVAILABILITY  STATEMENT 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


14.  ABSTRACT 

See  attached. 


15.  SUBJECT  TERMS 

Directed  assembly 
Hierarchical  structures 
Hierarchical  assemblies 


Nanotechnology 
Local  probes 

Scanning  probe  microscopy 


Scanning  probe  spectroscopy 


16.  SECURITY  CLASSIFICATION  OF:  ] 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

17.  LIMITATION  OF 
ABSTRACT 


18.  NUMBER  1 19a.  NAME  OF  RESPONSIBLE  PERSON 
OF  PAGES 


19b.  TELEPONE  NUMBER  (Include  area  code) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSt-Std  Z39-18 


Weiss,  Paul 
N00014-91-J-1630 


14.  Abstract 

We  have  learned  to  manipulate  defects,  domains,  crystallinity,  desorption,  exchange, 
insertion,  grafting,  conductance,  and  deposition  to  advantage  in  order  to  manipulate  film 
structures  and  properties  and  to  isolate  molecules  for  use,  study,  and/or  reaction. 

We  have  enhanced  our  abilities  to  measure  with  sub-nanometer  resolution  across  a  broad 
spectral  range.  We  have  discovered  unique  opportunities  at  this  scale,  such  as  "optically 
hot"  asperities  on  asymmetric  nanoparticles.  We  expect  to  be  able  to  exploit  these  effects 
to  advantage.  There  are  no  other  means  of  studying  such  materials  at  these  scales. 
Couplings  between  molecules  and  nanoparticles  that  we  propose  to  study  may  pose 
fundamental  limitations  on  the  densities  to  which  functional  devices  can  be  packed. 

We  have  demonstrated  our  ability  to  discriminate  between  different  nanostructure 
compositions.  We  have  proposed  using  this  capability  to  develop  selective  "stains"  for 
scanning  probe  microscopy  in  analogy  to  those  employed  in  conventional  light 
microscopy.  The  difference  here  is  that  much  higher  spatial  resolution  will  be  possible  so 
that  single  exposed  functional  groups  may  be  labeled. 
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•  a.  Principal  Investigator 
Paul  S.  Weiss 

•  b.  Current  telephone  number 
(814)  865-3693  voice 
(814)  863-5516  fax 

•  c.  Cognizant  ONR  Program  Officer 
Dr.  John  C.  Pazik 

•  d.  Program  objective 

The  objective  of  this  program  was  to  examine  the  electronic  and  physico-chemical  properties, 
the  stability,  and  the  dynamics  of  nanometer-scale  structures  and  of  components  that  may  be 
used  in  such  structures.  These  structures  and  components  may  play  key  roles  in  evolving  or 
even  revolutionizing  devices  for  communications,  sensors,  and  detectors.  Our  understanding 
of  these  structures  is  developed  using  unique  scanning  tunneling  microscopy  instrumentation 
which  gives  us  the  ability  to  work  at  low  temperatures,  to  manipulate  surface  structures,  and  to 
probe  both  electronically  and  over  a  broad  frequency  range.  We  collaborate  with  key 
developers  of  molecules,  films,  and  devices  to  screen  and  to  advance  the  properties  of  the 
components,  structures,  and  films  they  create.  This  work  serves  as  the  scientific  backbone  of 
the  technological  advances  in  related  DARPA  Moletronics  work  and  in  a  wide  range  of  other 
areas. 

•  e.  Most  significant  results 

We  have  learned  to  manipulate  defects,  domains,  crystallinity,  desorption,  exchange,  insertion, 
grafting,  conductance,  and  deposition  to  advantage  in  order  to  manipulate  film  structures  and 
properties  and  to  isolate  molecules  for  use,  study,  and/or  reaction.1'8  We  have  used  scanning 
tunneling  microscopy,  X-ray  photoelectron  spectroscopy,  and  infrared  spectroscopy  to 
measure  the  resultant  films. 

We  have  enhanced  our  abilities  to  measure  with  sub-nanometer  resolution  across  a  broad 
spectral  range.8'1 1  We  have  discovered  unique  opportunities  at  this  scale,  such  as  "optically 
hot"  asperities  on  asymmetric  nanoparticles.  We  expect  to  be  able  to  exploit  these  effects  to 
advantage.  There  are  no  other  means  of  studying  such  materials  at  these  scales.  Couplings 
between  molecules  and  nanoparticles  that  we  propose  to  study  may  pose  fundamental 
limitations  on  the  densities  to  which  functional  devices  can  be  packed. 

We  have  demonstrated  our  ability  to  discriminate  between  different  nanostructure 


compositions.  We  have  proposed  using  this  capability  to  develop  selective  "stains"  for 
scanning  probe  microscopy  in  analogy  to  those  employed  in  conventional  light 

microscopy.9,10  The  difference  here  is  that  much  higher  spatial  resolution  will  be  possible  so 
that  single  exposed  functional  groups  may  be  labeled. 

Specific  accomplishments  relating  to  the  above  are: 

Selecting  the  separation  or  mixing  of  components  at  the  nanometer  scale.4,7  In  addition, 
we  can  graft  one  film  onto  another  in  two  dimensions.  This  enables  selective  decoration 
or  reaction  of  unique  surface  sites  at  an  interface  that  is  physically  perfect,  but 
chemically  distinct  from  the  rest  of  the  surface.4,7 

Selective  removal  of  specific  defects  by  processing  films  and  controlling  their 

completeness.1,4,7  This  leads  to  independent  control  of  insertion,  exchange,  and 
removal  of  molecules. 

Insertion  of  single  molecules  for  subsequent  study  or  reaction.3,8,1 1  These  molecules 

can  then  be  probed  individually  or  in  bundles.8,1 1  Recent  (unpublished)  experiments 
allow  us  to  follow  electronic  switching  of  inserted  molecules.  This  isolation  also 
enabled  the  first  example  of  the  selective  chemical  modification  of  surface  species 
without  disrupting  the  nanometer-scale  structure.3  A  living  polymer  was  grown  off 
inserted,  isolated  tethers.  It  was  also  possible  to  bundle  together  the  tethers  so  as  to 
select  growth  of  surface-bound  polymer  brushes.  These  polymers  and  the  controlled 
substrate  on  which  they  lie  may  be  used  to  create  non-volatile  nanometer-scale  organic 
memory.2 

We  have  observed  "optically  hot"  regions  on  single  nanoparticles.9,10  These  may  be 
used  to  enhance  spectroscopy,  optical  coupling  at  the  nanometer  scale,  or  isolation  at 
this  scale.  We  have  also  shown  that  nanoparticles  couple  electronically  as  they  are 
brought  into  proximity,  but  remain  out  of  chemical  contact  (not  yet  published).  We  have 
created  a  unique  system  for  studying  these  interactions  that  does  not  depend  on  bulk 
synthesis  and  laborious  separations.  This  will  allow  us  to  explore  the  phase  space  of 
these  interactions  and  their  dependence  on  separation  and  orientation,  before  targeting 
selected  assemblies  for  synthesis. 

Our  ONR  Program  has  served  as  the  core  for  discovery  in  our  group,  from  which  a  large 
number  of  other  efforts  have  emanated. 
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